
R E S U L T S  A N D  D I S C U S S I O N
CHAPTER IV

E x p e r im e n ts  w e r e  c o n d u c te d  at ro o m  and e le v a te d  tem p era tu res  to  
id e n t ify  an  e f f e c t iv e  barrier m a ter ia ls  fo r  b lo c k in g  c h lo r in e  w h ile  p a ss in g  
h y d r o g e n  th ro u g h  th e  p a lla d iu m  w ir e  w ith  su ch  a c o a tin g  m a ter ia l. It m a y  e n a b le  
th e  s e n so r  to  r e sp o n d  to  a c h a n g e  o f  h y d r o g e n  c o n c e n tr a tio n  in  th e  H 2 -C I 2  g a s  
m ix tu re  w ith o u t  in te r fe r en ce  from  ch lo r in e , o x y g e n  an d  m o istu re .
T h e  s c r e e n in g  p ro ced u re

F irstly , th e  v a r io u s  m a ter ia ls  a ie  te s te d  w ith  a h y d r o g e n  g a s  m ix tu re  to  
d eterm in e  i f  h y d r o g e n  p a sse d  r e a d ily  u s in g  th e  b reak th rou gh  t im e  (B /T ) .

•  T h e  H y d r o g e n  B /T  w a s  d e term in ed  as th e  first d e te c t io n  o f  H 2 on  
c o l le c t io n  s id e .

•  T h e  C h lo r in e  B /T  w a s  d e term in ed  as th e f ir s t  in d ic a t io n  o f  sta in  in  th e  
d e te c to r  tu b e.

S e c o n d ly ,  th e  v a r io u s  m a ter ia ls  w e r e  te s te d  w ith  a h y d r o g e n  g a s  m ix tu re  
v a ry in g  th e  th ic k n e s s  o f  c o a tin g  m a ter ia ls  in order to  id e n t ify  th e  a c c e p ta b le  
th ic k n e ss  o f  c o a t in g  m a ter ia ls .

F in a lly , th e  p o ten tia l m a ter ia ls  w e r e  te s te d  w ith  a h y d r o g e n -c h lo r in e  g a s  
m ix tu re  to  d e te r m in e  th e  c h lo r in e  p e r m e a b ility  c o e f f ic ie n t s  an d  in v e s t ig a te  th e  
e f fe c t iv e n e s s  o f  th e  c o a t in g  fo r  b lo c k in g  ch lo r in e .
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4.1  H y d r o g e n  P e r m e a b il i ty  C o e f f ic ie n t s  R e s u lt s

In th e se  e x p e r im e n ts , th e v a r io u s m a ter ia ls  w e r e  te s te d  to  d e term in e  th e ir  
h y d r o g e n  p e r m e a b ility  c o e f f ic ie n ts . F irst, a T e f lo n  w a s  te s te d  at ro o m  
tem p era tu re  an d  at an e le v a te d  tem p eratu re to  co n firm  th e  litera tu re  v a lu e s  and  

p r e v io u s  te s t  r e su lts .

4 .1 .1  T e f lo n  T e s t  f 0 .1 5  m m  th ick )

T a b le  4 .1 .  T h e  p e r m e a b ility  c o e f f ic ie n ts  o f  h y d r o g e n  th ro u g h  T e f lo n  at 
a m b ien t an d  e le v a te d  T em p era tu res

T em p era tu re  ( ๐ C ) P er m e a b ility  C o e f f ic ie n t  (c m 3H 2(S T P )c m /c m 2m in  a tm )

L iterature V a lu e T e s t  R e su lts

2 5  ° c 4 .5 0 0  X 10'6 5 .0 4 5  X 10'6

8 0  ° c - 2 5 .4 9  X 10 -6

F rom  T a b le  4 .1 , th e  literature v a lu e  an d  te s t  r e su lts  fo r  h y d r o g e n  
d if fu s io n  th ro u g h  T e f lo n  are s im ilar . T h e  p e r m e a b ility  c o e f f ic ie n t  w a s  fo u n d  to  
in c r e a se  w ith  in c r e a s in g  tem p eratu re  as e x p e c te d  from  th e  A rrh en iu s  re la tio n .
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4 .1 .2  C o a tin g  M a ter ia ls

T a b le  4 .2  T h e  p e r m e a b ility  c o e f f ic ie n t s  o f  h y d r o g e n  th ro u g h  th e  c o a t in g  

m a ter ia ls  at 8 0  c
M a ter ia ls P e r m e a b ility  C o e f f ic ie n t  

(c m 3H 2(S T P )c m /c m 2m in  atm )

B o r o n  N itr id e  H a rd co a t (0 .6 5  m m  th ick ) N o  B /T *  in  6  h o u rs

L in d ron  31 ( 0 .2 9  m m  th ick ) 2 4 .3 0  X 10'6

L in d ron  101 ( 0 . 2 6  m m  th ick ) 4 6 .4 1  X 10'6

F lu o r o d y n  C a u lk  ( 0 .2 8 9  m m  th ick ) 2 8 .3 6  X 10'6

D era k a n e  R e s in  (0 .2 1 5  m m  th ick ) 9 .0 2 6  X 10-6

* B /T  is  th e b reak  th rou gh  tim e.

F ig u re  4 .1  sh o w s  h y d r o g e n  c o n c e n tr a tio n  as a fu n c t io n  o f  t im e  fo r  

c o a tin g  m a ter ia ls  at 8 0  ๐c .
A s  se e n  in  T a b le  4 .2  an d  F ig u re  4 .1 ,  B o r o n  N itr id e  H a rd co a t d id  

n o t a l lo w  th e  p a s sa g e  o f  h y d r o g e n  w ith in  6 h ou rs.
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L in d ron  31 and L in d ron  101 a llo w e d  h y d r o g e n  to  p a ss  and th e  
d e term in ed  p e r m e a b ility  c o e f f ic ie n ts  w e r e  2 4 .3 0  X 1 0 6 and 4 6 .4 1  X 1 0 6 c m 3H 2  

(S T P )c m /c m 2m in  atm , r e sp e c t iv e ly . T h e y  d e fo rm ed  and w e r e  b r ittle  at h ig h  
tem p eratu re . T h ere fo re , th e se  w e r e  n o t su ita b le  c o a tin g  m a te r ia ls  fo r  a h ig h  
tem p era tu re  se n so r . A s  a resu lt, F lu o ro d y n  C au lk  and D era k a n e  R e s in  w e r e  
id e n t if ie d  as th e  p o te n tia l c o a tin g  m ateria ls .

S u b se q u e n tly , F lu o ro d y n  C au lk  and D era k a n e  R e s in  w e r e  te s te d  
b y  v a r y in g  th e  c o a t in g  th ic k n e ss  and d e term in in g  th e  p e r m e a b ility  c o e f f ic ie n t  
v a r ia tio n  w ith  th ic k n e ss . F or 0 .2 8 9  and 0 .3 2 9  m m  F lu o r o d y n  C a u lk , th e  
p e r m e a b ility  c o e f f ic ie n t s  w e r e  d e te im in e d  as 2 8 .3 6  X 1 0 6 and 3 2 .5 4  X 1 0 6 c m 3H 2 
(S T P ) c m /c m 2 m in  atm . T h e  tren d  fo r  th ree th ic k n e s se s  o f  D era k a n e  R es in  w a s  
s im ila r  to  th o se  o f  F lu o ro d y n  C au lk , 9 .0 2 6  xlO"6 fo r  0 .2 1 5  m m  D era k a n e  R es in , 
1 2 .7 6  xlO"6 fo r  0 .5 7 2  m m , an d  1 .8 4 4  X 10"6 fo r  0 .9 5 9  m m  D era k a n e  R es in . T h is  
in d ic a te s  that th e  p e r m e a b ility  c o e f f ic ie n t  is  in d ep en d en t o f  th ic k n e s s  (F ig u re  4 .2  

and F ig u re  4 .3 ) .

T a b le  4 .3  T h e  p e r m e a b ility  c o e f f ic ie n ts  o f  h y d r o g e n  th ro u g h  F lu o r o d y n  

C a u lk  an d  D era k a n e  R es in  at 8 0  c

M a ter ia ls P er m e a b ility  C o e f f ic ie n t  
(c m 3H 2(S T P ) c m /c m 2m in  atm )

F lu o r o d y n  C a u lk  ( 0 .2 8 9  m m  th ick ) 2 8 .3 6  x  10 ‘6

( 0 .3 2 9  m m  th ick ) 3 2 .5 4  X 10'6

D era k a n e  R e s in  ( 0 .2 1 5  m m  th ick ) 9 .0 2 6  X 10'6

( 0 .5 7 2  m m  th ick ) 1 2 .7 6  X 10'6

( 0 .9 5 9  m m  th ick ) 1 .8 4 4  X 10‘6



F ig u r e  4 .2 . H y d ro g e n  c o n c e n tra tio n  in  th e  c o lle c tio n  g as  as a fu n c tio n  o f  tim e  fo r  tw o  th ic k n e sse s  o f  F lu o ro d y n
C au lk  a t  80  ° c
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4 .2  C h lo r in e  P e r m e a b il i ty  C o e f f ic ie n t  R e s u lts .

F lu o ro d y n  C au lk  and D erak an e R esin  w e r e  te s te d  w ith  h u m id if ie d  
(sa tu ra tio n  at 7 0  °C ) H 2-C12 g a s  m ix tu res  ( 9 9 %  C l2-1 %  H 2). T h e  r e su lts  are g iv e n  
in  T a b le  4 .4 .

T a b le  4 .4  T h e  p e r m e a b ility  c o e f f ic ie n ts  o f  c h lo r in e  th ro u g h  F lu o r o d y n  C a u lk  and  
D era k a n e  R e s in  at 8 0  ° c  h u m id if ie d  (sa tu ra tio n  at 7 0  °C ) H 2-C12 g a s  m ix tu r e s
( 9 9 %  C l2-1 %  H 2)

M a ter ia ls B rea k th ro u g h  t im e

F lu o ro d y n  C a u lk  : 0 .2 5 4  m m  th ick N o  B /T  in  6 9  hr

: 0 .3 4 7  m m  th ick N o  B /T  in  4 2  hr

D era k a n e  R e s in  : 0 .2 1 5  m m  th ick N o  B /T  in 3 6  hr

: 0 .5 7 2  m m  th ick N o  B /T  in 19 hr

: 0 .9 5 9  m m  th ick N o  B /T  in  3 0  ๒-

F rom  T a b le  4 .4 ,  the p o ten tia l m a ter ia ls  w ere  te s te d  and c o u ld  b e  se e n  that 
b oth  F lu o r o d y n  C a u lk  and D era k a n e  R es in  b lo c k e d  th e p a s sa g e  o f  C l2 w ith in  
ea ch  b rea k th ro u g h  tim e. T h is  b reak th rou gh  tim e  w o u ld  sh o w  th e  o p e r a tin g  tim e  
fo r  se n so r  w h e r e  can  b e  la st in th e p lant. T h e  lo n g e r  b reak th rou gh  tim e , th e  b etter  
sen so r .

F lu o r o d y n  C au lk  and D era k a n e  R esin  w ere  fo u n d  to  b e  th e  p r o m is in g  
m a ter ia ls  fo r  b lo c k in g  c h lo r in e  b e c a u se  o f  n o  the b reak th rou gh  tim e  (B /T ) .
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4 .3 . D is c u s s io n

A c c o r d in g  to  th e  c o a tin g  m ateria l e x p e r im e n ts , s o m e  m a te r ia ls  a l lo w  the  
p a ssa g e  o f  h y d r o g e n  or c h lo r in e , w h e r e a s  so m e  d o  n o t. O n e  a s su m p tio n  fo r  th is  
p h e n o m e n a  is  th e  m o le c u la r  m e c h a n ism  o f  m o le c u le s  th ro u g h  c o a t in g  m a ter ia ls . 
T h ere  are fo u r  d if fu s io n  m e c h a n ism s  fo r  d if fu s io n  th ro u g h  th e  p o ly m e r  
m em b ra n e . T h e  fe a s ib le  c o n tr o llin g  m e c h a n ism  is  m o le c u la r  s ie v in g . P o ro u s  
m em b ra n e  c o n ta in s  p o res  o f  m o le c u la r  d im e n s io n  w h ic h  is  p h y s ic a l ly  s e le c t iv e  on  
th e r e la t iv e  s iz e s  o f  th e  d if fu s in g  s p e c ie s  and th e  p o re  o f  e a c h  m a ter ia l. T h e  
fu n c tio n  o f  th is  m e c h a n ism  is  to  a llo w  th e sm a ller  m o le c u le s  to  d if fu s e ,  w h ile  
b lo c k in g  th e  larger  m o le c u le s . F or  H 2- C l2 g a s  m ix tu re , th e  m o le c u la r  s iz e  o f  
h y d r o g e n  is  2 .9 1 5  A 0 and th e  m o le c u la r  s iz e  o f  c h lo r in e  is  4 . 1 1 5  A 0. T h e  c h lo r in e  
m o le c u le s  are la rg er  than  th o se  o f  h y d ro g en  m o le c u le s . T h e r e fo r e , th e  d if fe r e n c e s  
in  H 2 an d  C l2 m o le c u le s  w e r e  u se d  to  s e le c t  su ita b le  c o a t in g  m a ter ia ls .

F ig u r e  4 .4  S c h e m a tic  o f  th e  m o le c u la r  s ie v in g  m e c h a n ism  fo r  H 2-C12 g a s  m ix tu re  
w ith  d iffe r e n t  m o le c u la r  s iz e s .
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S o m e  p o ly m e r s  su ch  as D era k a n e  R es in  and F u o r o d y n  C a u lk  a l lo w e d  th e  
p a ssa g e  o f  h y d r o g e n , b u t b lo c k e d  ch lo r in e  b e c a u se  H 2 m o le c u le s  w a s  sm a lle r  than  
C l2 m o le c u le s .  S o m e s  a llo w e d  th e  p a ssa g e  o f  b o th  h y d r o g e n  an d  c h lo r in e  s in c e  
th e p o re  s iz e  o f  that p o ly m e r  w a s  sm a ller  th an  th e s iz e  o f  th e  d if fu s in g  sp e c ie s .  
B o th  g a s e s  w e r e  a b le  to  p a ss  th rou gh  that p o ly m er . O n  th e  o th er  h a n d , so m e , su ch  
as B o r o n  N itr id e  H ard coat, d id  n o t a llo w  th e  p a ssa g e  o f  h y d r o g e n  an d  c h lo r in e  
m o le c u le s  b e c a u s e  o f  b o th  H 2 an d  C l2 m o le c u le s  w e r e  larger  th an  p o re  s iz e s .
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